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PREFACE

The study reported herein was funded by the Office, Chief of

Engineers, U. S. Army, from Civil Works Appropriation 96X3121, Geiieia!

Investigations - Research and Development.

The study was conducted during 1980 by personnel of the Environ-

iaental Engineering Division (EED), Environmental Laboratory (EL), U. S.

Army Engineer Waterways Experiment Station (WES), Vicksubrg, Miss.

The study was conducted by Ms. Frances M. Kelsi and Mr. M. John

Cullinane, Jr. The work effort was accomplished under the direct

supervision of 'fr. Norman R. Francingues, Chief, Water Supply and Waste

Treatment Group, and the general supervision of Mr. Andrew J. Green,

Chief, FED, and Dr. John Harrison, Chief, EL. This report was prepared

by Ms. Kelsi and Mr. Cullinane, EED.

Commander and Director at WES during the study and preparation of

this report was COL Nelson P. Conover, CE. Technical Director was

M1r. F. R. Brown.

This report should be cited as follows:

Kelsi, F. M., and Cullinane, M. J., Jr. 1981 (Jan).

"Selected References on Innovative/Alternative Waste-

water Collection Systems for Corps of Engineers Rec-

reation Areas," Miscellaneous Paper EL-81-2, U. S.
Ar-mv Engineer Waterways Experiment Station, CE,

VInksburg, Miss.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)

UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By To Obtain

feet 0.3048 metres

feet per second 0.3048 metres per second

g3llons per minute 3.785412 cubic decimetres
per minute

gallons (U. S.
liquid) 3.785412 cubic decimetres

horsepower (550 foot-
pounds per second) 745.6999 watts

inches of mercury
(32°F) 3:386.38 pascals

kilowatt hours 3600000.0 joules

pounds (force) per
square inch 6894.757 pascals



S [.Jt F-1Ri1RIN:SU INNVA 1VFA <I 1.l<NA [VE, WAS] 'RAER CoLIC.TON
SYST EMS iChE C(OuRPS OF EN(; IN FFRS ECATINAES

P'ARTF 1 1 NTRUjDUCT I N

Backgroitnd

I . I hW 11. S .Ai,11' (11 j of Eng i Hfuc IrS (CE) i s es pouts i hi e for de-

s ign inrg, cotustout Iitg , itut ; ni itg, itto ojierat i ug wastewater collection

andi trea Lmtert svs t ems lot its recre.i t iii a reas l ocated nationwide. The

use oif these aceis Jot over 4179 mil lion visitor days in 1979 emphasizes

the unagntit ude o I this r-Spotus ibhi I V.

2.Wutt'r-b;ised traiuspoitL ot waste plays a dominant role in the

provi .iion ot stun ttry serv ices to (F rec reat ion areas. Traditionally,

wat erborne waste cairriage svet;;tranisii t was.te via the force of grav-

ity or 'i combi~natio of gt~rtviy tv aru a series of lift stationus and force

mat [urs nu ma iiv casets , Ii, weve r L lte list'0 ol_0 covet ional sewe rage tech-

1o0 o1 nov' MA OtL re rc-sen Lt te biestL av:i I -it I t echrol ogy aIs app I ued to

f; Ite-spe( Lte p rob)I lf)ms. 'i; no'. be pari-t i co Ia rl y t rue fo r those s it es

de''oe I oped as CE ret ia. t ion .1 reate that msay have utua1 topographic, geo-

logi, . or love ioprieiLt deusi ty coistuntuts.

i. The solution Lo these site-specific probiems typi cal of CE

rec ret airi itrea s may V noui no a(IapLtaLi~ of irtoovative/al certiative col-

lection svst ens previous]ly levciopel fon app I ct ttion to the problem of

Collect ing anid trausjmrt i u~g wistoLWat or generated inl the municipal

scena rio.

4 . Thme ptit rpose o f Lb 1 s s t uiv wa-js to dev elIop a I i t e ra tti re ha so

that WoulId se'rve to) suJppy iutfotmaLion necessa rv to formulate research

atud (levelI opmet rt-i i remon ts i f i nV, re Ia Led to a1ppl1icrat ion of

jutnova ti ye/a I ermat iV ye oo1 1eCt ion ,stemns to CE rcorea tion a rea

requi remenits.



PAREr i i INNOVATriVE/AIJERNATIVE SYSTEMS

Backgroun~d

.5. The developmnent of ininovative/alterniative wastewater collec-

tion systemis has beeni spurred by the increase int conist ructioni cost of

t rad itional1 gravity colI ecti on systems and a reali za tion that the

aes thet ic des i raiiity of mnty sites proposed for development may be in-

verse ly p ropo r tiotnal to the t ecVhn i c.Il and economl c fea sib ility of

SuppIVing sairi iLary services by coniventionral mneanis. Four cl ass ificationis

(if irrrovarti ye/a Iterna Live colltect ion irld t ranspiortat ion syst ems have

received the most at tenti on from bothi resea r ch and dovelo pmetnt anld

actual app Ii cat iolr. These inurde: pressure systemns, vacuium systenms,

smal d iamete r grayvity systLemis, aurd recyr c / renrse systemns

P1ressu-re Systems

6. Pressutre sewer sys Leis utilize pumrps antd sttall di amreteor force

mtiis to0 collIect atid] transport Lire waistewater utnder positive pressure,

Lirs, ' in naI;t ing the ned to lay pipe to hvdrarr i c graid- !ines . Thie d~e

yelopiment oft re I i air I pumlps rapalIe of hatnding Smial f I I% ne , t he develI-

opmenOt (i pjas Lc pipe, for force rrarins, and( Lire highr coc t ofI conVeti-

L r grrlVft tV Sstrn)S have preovided the1 imiajor impretuis for app ik atin

of p Ces s(r r'Sys tems.

7. 1I,,,o opt ions are avai lable for design of pressure systems.

First , grinrder piups fray be riti I i zed to both shri d and sinrir taneorisly

inject th is ast owa t r Inton the forre ma in systetmr. Second Ise Inay be

imale o.' ext onion primary sodimelltat iont (i.e. septic tank,.) tol lowed by

Ise of conrvent ionral snrall prnipi) jugniiits to inject the was tewators into

the prvss tie co IIect i ot syst em. lhre septic t anrk-prrrpring imiits system

iras proven to he someifwhat more sriccfnss fri inr f i eld s ii

Vacririm Svs Lots

8. Va cirt cO o r t iti sys terris uIse a centrt al va crirrnn .'Icn rue to



III I fit a ill I kt'rrstaiit Vj(ieilil OIL t hei t I ;lsilli ,S I onIII , rIlli. No ria I lv a V Jciiiii

o t ftrumr to0 25 i. if rieriru y s filp) ed. Vrcrrif ill s vs temrs Ire s IiIlarI

to jiesit t v ) prssl e ,vs t ems Ii thla t iw i in col I ,t I iii I i ncs a re sinaI

d I nnme ( p11 1 asL ic p)i p" t i t ai l1 i e I ils t.i I I cdu 'Iepenident oI hymiranl I i c

g I ,mi c I rIm(s .Gmirera te! wajstw a te ers I re ( o I ti-c oil vi a the appli ed v acuum

LtoI .ceit tril I taik , fron: %'ii ci thewy ijrc piimpm bIhy mconvent j ona I means to

t he L re(atiiieiit of di (ISpo) S I S it. Th~e s',stiiii requ ires a normallyv closed

valive It a h p1Io it of km ',s.eWatcr i ;!put . Disavaitages incl tide a 1limi-

tat ion ,i hbe length 1A hwad )f Lt col tort. ionl system and possible

v umI e.i k ii (Itnderi rig t Ie sy-st; em i nope)rable.H

Nina I 1 -1 bimuetLer Gray i L v Svs tems

I Swal I Iiia ietir g ravitLy t -tiis a re s i Ili I ar in 11les ign t o con -

ventI oriI ' givi t y ; vstLoil. . Sil' nII (I I~ 'imieteCr polyI v inry I h I o ride (PVC ) p ipe

11is t i tn 11 L or v I t r- i f il ed ,i v o r conc re Lte. U Se o f PVC I)i p I Ig w ith

So Ivet~it I' I or i-1 i g joi lis ii Is uise )t a iower I r-i ct ior) fact or re-

Siii 11 i ii iiif Ilower mi i iii grijd'- o reqiimeerts anid sima 11fer pipe sizes. Op-
cr.it i riuI 1;;immc(t errs en !,I i imiA I (il mfor gravi ty systems are riot

I ~ ~ ' I) Iot 'm ii I t i i e tlt t L iiiw

Reciyc I c/Reuse( Svs tems

1 0. Recv ', e 're ise i s aI gene r;i I eI ass i t i eatioen of svs temis used to

I (drij w Iter cmnsumpt ionl through ci I her complete recycle or cascade re-

mrs( ")o w I to r s . CorrpI etLe reulse systems are riot cons ide reo to be tecini -

,'A 1v Ior econom i e.ilv Iris ill I for rccrcat ion a rea ris- at the present

tru e . Typ mc(i I cek yc I e svsturmin s (Ienriai os separate blackwater (waters

(mi rig nfit( ,Olitmvi.t yritli himmr;ir exereta) arid greyw.ator (watets used for

showers,. I iirv , hirjmlwasli i rig, to r. ) i n order to siripi i 17V tre.ament and

I I !;iosil I . 'Ilre greywajt or mray he ursedi as water closet f rish ing water. Ill

I ire a Iter e it I ye, III ie ia I of I orI Seine othier recyli I tI iid has been used.

to onivoy waiste riateri a I s frorm wit ei, clIoset s to t reitinent Fatc i Ii t ies.

Ilre waIste In]teria I s arc removedi inud tire- oi I is recvelIeult . Recycle/reuse



"V' ljl Ii it~ql t 4' r Ie t i \'e IV h igh1 i 1!i i i I os t and sibsoqiierit 11 gi y p ~

tn arft'id ala i(IiLtiiiiiee(- us t s1

Stimilna 1-%

I iLiiov" t iv; amd alIterniat ive menn (iiof was tewa t e or eI I ect i on arnd

tranisii :;.s I i irm] in] i nig p res s ire , vacuum , sma I I d iamet er g ravi ty , arnd

V( ('le!.I reus 5;Vstewi Iart ;v~lii tablI f or Ippi I(ait ion to recrait-ion area;

req(ji rt'ii'rits Al tLoiich thes e systemsi, teiid Lo have higher capi tali, opec-

at i oni, miii ma initein;iie es~ , thiey iway% present a techrii taj I y feas ib I f,

i!)d e'CO1iiuii Ia I ly t Lene)L ivc a I t ernlat eve %,here conp lex si to cha racter-

a st its Ind treatnii crt etei ja are, app] ied oii a si te-sjeci f i( basi s. fit

11)(111~ 1 d 'jIv'e I opiiiitnt app i (- at io11s , 1) an, e d Vacitnin sylstemis hnave

beei ,n t 41wIll. mar t a cos ec ive t 1ai1 torilveut i oala] g rav i t N, syst elis

11il,1 r lish teOpo-;jh i , (-i i jons in ii l r d ig lii 1V a or ickv t err.- ini and

l's lyi2 '1COIS . I ni1ova t i ve I( ld IIte rniat Ive ksst (%",It er cclC feti on

sv" t ishuldj he evalI ate] cli a life eye Ic cost. bki)s for ca( h ret re-

ajt i on fir I Ii ty tisi nig %it frho rne x tc (a - ci iyg,.

-ANNE-



PART III: SE LEC11-A) RLISEIJKN(ES

Anno Lat t -i on S"

Pressure systems

I Advan rced DevelIopmieni of- Hlousehrold Priip- St0rig G r inrder Un it,
('fa : k 6) , " by R. P. Fa rrelIlI. NTIS No. PIB-180 004, 1968.

As part of the American Society of- Civil Engineers (ASCE) Project on

Sepa rat ion of Combined Sewers, a cont ractor has developed and constucted

the first prototype of a Pump-Storage-Grinder (PSG) unit Suitable for

jnustallatijun in individual houses. The frrnctii ns of grinding, puimping,

and bajckflow prevent ion ajre provi dedl in an integral assembly that can be

lowered into piace on a field-installed ster-l or concrete tank.

( t [ o11r BS\A' )

'2. ''Al toriives for Smn~i 1 Was tewi t r Trea Lment SS t-ems: PresS ire
Sew.(rs/':crrrms Soivers," by J . Kr iss,] , 1. A. Cooper, and J . W. Rezek.

U. nvi ronmerital fProte t ion Agency 'Iechnolngy Transfer Seminar,
IReport No. FPlA-62.,14- 7/-011 , Oct 1977.

The P. 5.Evrrm 1  IProtec Li on Agency TechnolIogy 'Erans fer Report iii-

c I rdes bac kg round iniformat ion , desccrip tions , ia so sturd i es, cons truct ionI
cons i lerat i ots, cos L s, a rid info rma Lion on operation arid ma intenance of-

p ress; ire ; ind vacruum sewers . A design examp ie for a vac uuri system is

pres''rrtrd inr Aipedix B. Lower caipital costs arid sign if icant ly shorter

('oristruct.tron, times arc' inherenrt- in pressure sewer systemis , -is compared

to convent iorrvIilmethodis. But , pressure sewers shoul[d only he considered

withi pi,'perl' conceived managerment arraingerenits ( m. a initeinujce of

gr indier piup run its)

Abhrev c'utitins rrsct ire as follows:
IISW}' '''f b I riograpny ot Srmall Wistewiter Flow's,'' ty EPA Staff-

FN V. I IV ry I I'nn t I rrlex.
.N' IS INat i 'iii I I eriiri ca I Informat ioan Service.

'wRA'Witr r osnir,,. Abst 'art s.''



miii~ o syq mw'H tpr ier'srii ti lie r onerly s1, tist to lldit

I ilt l Aidl t i X 'of Iw . t 'i'I I I l' S jI I. I (in . B u h c o i i' ex oIt .il til r e k dI I i -I

Ii nt Xiin 1111 F S\tPli .11 5 1 ilititiincIi L i the pro erty it r- o o ma n ali

it ;i iii i iI i'it'es-t 'liuludo ~;in thie: r e Ar .A i , . H

cosii !5. Ii IISl(' ti it I u, VolI I. N o 2 , pp 41)1-407, 1977.

1 1 ij cI iite ,t ,t' oris 1 i' I it uI I sposit I .T. i AlI I io W

iX I ' indti -h vo i pitiA Ail e I iS ( L ietillilit. Ij Il t. c 1 Il 11g

Itii ,l Hl( IlWI' I" I' n lg , lIfId ( l- ilsp ti o I L 's se I,,T pressu I e

iiti Ir.. o I1i I vt i'- In PI No1 t! Wy C bAIf, 1

h-it' - t ho )I( op~t ,I :i'V.ll''n'd' !~ t(e harr iwa..-re I-e-

I -' -. I I rni it I %I. Ftv It' IS s n g I I g I h I itI I t rii L I1o') jllll I lI i O '

In II r i l II t! I t.I1 ISI I o!i I f~ t Ii r li r I ill11. ' litt .1 ii 11

: Sowc 1 i it. 11 ' '1 1 L, n I (L - 11 i '!o' l NIo I I I Ii: I i PS 0 1 i, I

n roll!"ll t j I lit In. I ystol



hism

hyk Io I)rIeIIa t ic, or elecL ron c syst ems. froi WRA

6. "Cost -E' I fect i verss of On-S i te and Commiun i ty Sewerage Alternatives
by J. J. Troyan et aI. Civil Engineering, Vol 47, No. 12, pp. 84-89,
1977

out I i ns a pro cedur , for assess i ng the (ost-effeet iveness of wastewater

treatment at trat ives . Advantages, disadvantages, I ini tations , and

cost factors for eval uat ing coivent iona I gravi ty sewers , smal I diameter

graviLy sewers, pressure sewers, and vacuum sewers are described. (from

BSWF)

7. "Cuylei, Sewage. Project - A Case Study," by James V. Feuss et a.
Cort land CoLMty lHealth Department, N. Y., presented at Central New York
Regional P1 junig and Development Board Wastewate r Treatment Systems
for Private llomes and Small Communities Conf., p. 223, 1978.

The process of designing a small minicipal sewer system for Cuyler, N.Y.,

seircthi'g ouL available funds, creating a sewage district, and con-

strutting the system, took six years. fie Cuyler project is sunmarized

a long with the pressure sewer system that was selected. Tot-al costs

p redicted $150,000, not including in-kind services . The unit cost is

$4846. (from ENV.I.)

8. "Demonstrating the Feasibility of Vacuum and Pressure Sewers," by
L. K. Clark and J. E. Eblen. Public Works, Vol 108, No. 4, pp. 81-84,
Apr 1977.

Vacuum and pressure systems were utilized in a collection system con-

structed in Bend, Oreg. Specific information about the pumps liused and

the type and amount of excavation is presented. Depth of burial for

pressure and vacuum systems is governed only by frost depth or surface

loading conditions. The author gives a cost of the vacuum system as

$9.75/ft. This figure is nearly twice the $5/lin ft for pressure sew-

ers . The author mentions that "relays to signal the operation of the

individual vaclim release valves have not pertormed satisfactorily to

10)



I te c m. li . h " s hii) e A~1 li It s 1w o ild t 1 I t ii~ idi I i t fi( t I t('i)

.IoI-It 11iI ill li,,i r' uLi I lv, bit ch %-.V1:;cwIli bing of fet ed. (ifierator

I. ilit' '-i:s I .i I'f evetLt',f to( Jdjllist mulg tin he n(fsorI sys temi lot- t 1e a'dCilIif1-

v.1I %~ pe 'iut i iid ge t t i zig t lle :ci ginl I svs tecili to( rufI Io r even ts tL the

V,11.1, li It ill . The adittlol ofI ers Imi) fo'erilti on dnd tli ijt elnuice irifor-

1.!I,'i pIt"'sUrf' s1;0,WC.;.

!)t, ~i i II ndh(,,'k I o I- LoCwPr lis s it r Si'S('r i5v st t'iw , " I' jlV riiehi t / One

Co rp ., ic Sj Ot ely , N .Y ,4Lh ('(1 ,Ji 7 3.

VI ; iiiiblo'.k ink) Iit( si: lmo,2. il'ip !t un of pressure, sewer Ss-

tLs di)ii'Veo L('5 lit. til -1') 1 11 1 lps md if I ~i r es L ov Vr i )i i s g r iiul]e r

pilllips . !II,, t rned I di~ig:.IIWs il(' .i so ' of tf1i'red .The II rldhook j:; iriteniled

diS [I(0-i lI P I i tifl' ml id ii i ft'- s til- l I ovoiig sect I ois : Pump Silect i on

dlid S\t (hi Oe s 1 ii 1 , C ,I 1 ic ct. o Los it ive t)i sp)I icemcfit Pumips ,Mot or Chd rac-

t ed r"t I ei (I 1 0G idIr Puiiiim nd ide \'tcisl.s LOutdoor Character-

I s t i lt l'' , Io hat' l l~i i I, I I ,Iii iI' Griindt-r l'ump Flji i p ent , Scouring

[)II I ig i.1'., I- 1w Chuh)i , it ; i it Ii: Frc.i'scSwe Syste'ms, E ffeIc ts adl

CoiltI . i) Hgil' tll(ii No nnI11 I , cc its lpt cit ijlol I ow i ng E->t enrded

I'osu' 1 1) rmo c du t S ;iI fet v in)l ' r-v (Idh II t v 'i rtl Re I i a h i I I Cv . To

ti t ltei' 'Ice rie divot ('d t ( s-ofe o f t he seti I oews . Cft1mct. s idl g rfilth!

v i cc .~s i ltt'lfi UtTS V7, t Ie( lied! t iIlle fIiw 't; cci j - i ( cI If f Ior

g r iit dfir puip 1)ilt i ts! fo I- I do(;ses exceeded t i-ct v'co is . A Iso~ when

po~we I is I-es;t o reif lo I l osing d1i CXt Lrj!d p~ fl r oiiiti19(' , 0i maIj or ty of the t

pilifis wi I dl tI llfi t1o rl) I 1111ibI t duIeills I Y ( fit iittoiiilit Ii ove oid esfL

fli. 'lies I gli f'ocedif l I (o r i Niol f 'cet I] c S1i-i' S yst l hiii i 1; 1 rd~ii 1,.

!S. Ii'ii. Pii i ( 'i.irk! , 1-1). SOi8 , I), t 19iv'1

I ghi ;I i mipt. i omc: I I s i I I I , I ; yo t sew I' v i in Grulolv i ,\ 1_1ike,

' irescuIt'if. I- If t v il Iis o' iijii 1ti f p r'Iv I, 1' li 1 OhS' 'he.

fior i.i-,'Ioldl. w-is Ismii'f [I(i nIhi idIV1 I uI' sIi 1o iss1uim,1



sewer-User tlow I C1lt II)sIips Th Ie LIgure InhliL c ts PVC pipe sizes for

liII i I I t VOl I( t iS (It L2t/ sec .

I1. "Ecror ,lr c i R's idIIt i ol Prossi re Sewer 'yst em wi th No Elf f uent
vby G. F. hendri cks and S. ll Rees;. I'. S. rV i orurenital Protect ion

Agency, Report No. EPA-bOO/ _-75-072, I-B-249 195, Dec 1975.

lre report disc.-sess the design o pr-s stll '.t system Lhat was moni -

tored for its e Ifectjveriess. Use, of ,i land reatmnt syst em produced no

effluent. The elimi tiuin ol grrriodw,itr.r in i/litrtion 1nd restrictive

c I eva t io to l or inces associated wi th a con eiv\ itcioI,- grivity sewer system

enabled it to be iristalled ar(] Lo function economicillv. Initially, in-

etficicnt home grinder-pump units roulted in operational I problems with

the pressUct, system. Commercially Iwinrifiutulred grinder (home) units re-

luced these problemrs ari inrcre;',;es i ll COh'0stlttil in resul t'. Numerous

irams el variois grirnder- p ump tntits are inc u-I d. (from RA)

' fimerit Pressure Sewer Systems,' by R. E. Langford. Water Pollu-
tiol Cont rol Fhed ration 1977 Ar ,j rlug, Phi iielphirii, P,1., 1977.

Pro,,inie! detailed d, sctiptiiors ol ctfineit pressure sewer sVstems, in-

ci dirg design, hardwarc, cost, septage disposal, opeiat ion, m ainte-

nance, and economics. Describes the advanitages o11 eifltent pressure

er systems over gravity sewers and grinder pump systemis. Identifies

At describes past research and effluent pressure systems currently in

operation. (from BSWF)

13. "Electric Energy Consumption of Selected Home Appliances," Data From:
U. t Cove rnment Publication, "Citizen Action Guide to Energy Conserva-
t ion," IU. S. Env i ronmenta l Protect ion Agency, Report No. EPA-R2-72-091 ,
1972.

Annn.l erergy used by .n i nvironinerit/One grinder purrup was estimated at

200 kwhr.

14. "Environmenta l Constraints Challenge Designers of Shoreline

12
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t y N'rK i.C ity , l s i ,'by G GIray. Proft'ss ionlia I ugi -

neer ,p.42-44, Juin 19( 75

A\pr nc sew'er sys temn was Se CC ted over aaltl ia g ray i y syStem

For a commni lty nea-,r Kansas Ci ty. '['li totl; I. o()lst Inetc nfol anld eqi pnlient.

bid( for tile pressure systecm Iois $ 1 ,0'30 , 108 . An est imite f or the gravity

sys te (,lo s $ 25 0 ,1(000 . TheI I, Jow press ii re sewer svs t ci was cons tnet ed of

SI)R-2b I1160 psi rated) PVC pressiure pipe. Sol vent welIded jo its were

specifel hecause of havorable experienice wi th that system inl achievinrg

pressilr'-t iglit coni uonis lengths of pipe with b uilt-in thrnist taeup.

However, the cont~ractor reqiuested, and was permit tedi to use, compression

type goisketel jo its , and aedthrust Morcks where rir'cessarv to resist

the passil i tv of ajxiail movement. Sinrce the normal sy'steml pressure

will lie 3, p.:; or le'ss, aI Stt pressujre test of 60 psi for two hours

wa s s 1)e c i Iiedof. In t h oseI p o rt i o I s- o f thIie s ys tem, rillujI ch1 were-c laido t hron ugI I

rock, ai rock saw %-as isel , and sand hiddi rig wsp1 aced a roullol thet pipe

to p rotert it f reom sbII e edgeS- . ierw ise cleanm itart h hack Ii I was used,

andu lmi ilnustil I pr-cclt ((111 werecc re'filir'd.

5 . . I'n\7 r - -Pa k : utI e r aiii nd as!t ewal ojt r [" l I ie 11 ct , Sij It' s .11)l De S i gri

~lriI , "'w i 1 hI o,. G I-()V, , P

( It ti t I i uir('5 , i (1 rts , (ill IwiTigS , anld Spec IIif (cot l S. RHe v l I)nd

vs c[IuII]) rol Ier, t i on ;,.'s tems , prcsii it'c' w'r 5\t (,ins , t141 .,rte di srlisst'll

I nn o vatLi ve a IL ter nit ly Vc!' st em s ore( s t I-(Is stI'.i la si I wa jst'cw~lt c I slt ,

lt). "Expe r i'nte W tli (,ri jul i rig ;Indr l'liilluI nl o (f fuw t froll) lii i I'Ii ligs , y

D. 11. W~aI lIcr. ASCE Report i'M-3 , 'PR-1 T)7, '167 .

eaIch [itli tlin coip [cx tfuif i'r vel y '111 ext iuoiiiiiils 'igi'

st 'iof t'Illip iiler-it that wl I I gi illd hill 14 Ing Ic Sewge '111ill di sliui 1( 1 It

mnder [ire'ssiire ti aI ii-ssiu-t sill t-1i, ivsw'fic \5 ii ( 1-1111 t3SVI)



17. Exp(- r i "II e , Ith t'r I Isi r Stewerage, h V lott iiier C I it L . Jour l I
of the S.'- j tr y r1 Iu eeriig IDivis iol, ASCE, pp. 849-865, Oct 1968.

Exper i ence wi Lit prtssure sewerage over a t hiree-yea r period at R, dcl i ff

Ky , is ( s c i ItiIiI' . ii.or.I tt t, I .Ii oII dte s I p 11, ope rj ti io , sd Ilia iLte na)ce

in1d o:;t i HP lI I S I ii l 1 "it .

18. "Fi,al ts-port to the America.ni Ss.ietLV of Civil Engineers on Task 7
an'l ask 9,' NT IS Re1port No. P11 1 992 , 1967.

The s ,heiie niide r i tivest i ga L io n it I ldes Lie conveyance of sewage f roin

s5)Q. I I gri |ider-st or.ge-puip Ui I Ls in i|,udividtiaI homes by means of

1ress.i re tubing. ( rom 8SWF)

19. 'Grinder ltinip Ma ittenace Experience ,' o i rornme.t/Otie Corporation
P repa red by R . P. Far re I I .J tilt 19 78 . Also "Gr inder Pump System Design
Fltow Chart," coutLesy of Enviroiment/One Corp. WaLer arid Sewage Works,
Ref. Issue, New York, N. Y. p. R240, 1978.

Environment/rie Corp. a, rt en c .xpeti-euci wi Lh grinder putLMps is sum-

marized kfrom 1973-J,ne 1978):

No. Units Operat.ing Time Service
Project ..... [stailed L Ilonths Calls MTBSC*

Colin L ry Kno I I
South, New York 355 13,224 391 2.8 years

,iea Lterbv lake,

Mlissouri 350 7,124 196 3.0 years

lake Mohawk,
Ohio 240 6,602 181 3.0 years

The eI n L I)me be tweei trv ice I I. (s I'l S C ) c Ic a ted as fo I lows:

Ninui er f Uni ts ILsti L ed x Niuer o f Days Since Installed - MTBSC
Numer ot S;.rvice Calls x Days in a Year

The ' grgriniler pump) system desigil I lowchart is a plot of the recommended

designg l flow Ve rst,:; ,il ller of coninlections.
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20. '6 ri rider Pumrrps a n(l P'res stre Sewers," by G. Cii rI y , J1r . New England

Water Pollt tion Control Association Journal, pp. 56-60, Apr 1978.

The paper discusses grinder pumps . Small grinder pumps; may be of posi-

tive displacements or the centrifugal variety. Positive displacement

pumps, which are generally smaller, display operational problems includ-

ing thle 1 inatui ity of the pumps to run dry, single-shaft seals lubricated

onlIy by t he puimped liquid, arid ope rat ing p roblIems at shut -off with

roto r-s ta to r damage. The hlical. rotor-type pumps , at 10-gpm capacity,

are o)I>fe re! p ri mari ly for inrd iv id*ual homes , but nay be used in a pack-

aged dhipl x ar rranugemenit for small Iifstios The 2- to 5-hp ceri-

t ri frgal grinders lend thiemrselves to individual homes as well as mul ti-

unit lift stations with flows less than 150 gpm. The application of

siic timp 'iriwo hi~gh and 1low pressure sewer syst ems is discussed.

(from N1TIS)

21. "Highl ights of Pressure Sewer System at Weatherby Lake, Missouri ,"

Iruv ironirent/One Corprorat ion , Schenect ady , N. Y.

The pressure sewer system viwhich was constructed in 1974 and 1975 con-

si sts of 42,000 lin ft of pressre mrains ranging fromi 2 to 6 in. All

materijal was PVC SDR-26. There are rio manholes. Each individual

grinder primp has a (lueck valve ins ide its tank and another in the

-1/4-in. house pressure lateral . A workshop in the city hall has

spare parts , cores, ain( fixtures needied for repa irs and retest s. An oc-

ca si onalI motor revwinrd nunst lbe done outs5idie . An ave rage se~ rv i ce ca I I

takes 45 miri in the summer, arid -1/L' hir in the winter. One sect ion of

thre pipe I ru/c, hut this sect ion was turned at 15 in. , not the speci -

f i ed 36- in . dept Ir. A ser i ous odor cormpIa init was solve-d by irsinrg 10 ppm

uf hydrogen perox ide fed ite the pessumre main ro rm a lift stat ion wet

wellI

22. "Ilyd rorit I i c s ofI a 11 res s itri ze (I Sewe ra ge Sys t e-m arnid Us e o1 Cent r ifugalI
Puimps , "by L.. S . Truc kt, r . .\SC Comb inedl Se)wer- Sepa rat ion Proj ect ,Tech.

MIerrr No, 6 , Nov 1961.



Hydraulic gradients tor high an(d low sewage flows and tile use of pres-

sure control devices for service zones and interceptors applicabie to

pressure sewers are illustrated and discussed. A pressure control

assembly would he needed immediately upstrean and a surge control valve

would be needed immdiately downst ream ol a lift station. For steep

drainage areas, pressure control assemblies would be needed to limit

maxinnmm pressures. Centrifugal pump chira cteristics are discessed and

information on 32 classes of sewage and solids handling pumps is tabu-

lated. Characteristics for centrifugal pumps capable of pumping sewage

are such that maximum reasonable limits on discharge rates would be

greatly exceeded if variations in total dynamic head were allowed to

equal curb pressure variations that are expected in some parts of a pres-

sure sewer system. Oidinary ise ot cr, ntrifugal pumps in these cases

should be avoided. A possible moditication of building pumping systems

with a valve control led to maintain a constant discharge pressure is dis-

cussed, together with the use of variable speed drivers. (from WRA)

23. "The Impact of Pressure Sewers on the Nation's Water Resources," by
D. R. Glenn and J. G. Federico. Water Resources Bulletin, Vol 7, No. 5,
pp. 1081-1092, 1971.

Pressure sewer systems are compared with conventional gravity sewer sys-

tems. The benefits of pressure sewers are cited. Itemized cost compar-

isons are presented for pressure and gravity sewers for a hypothetical

community's sewer system. (from BSWF)

24. "Less Costly Wastewater Treatment Systems for Small Communities,"

U. S. Environmental PrGtection Agency, National Conference at Reston,
Va., April 12, 13, 14, 1977. NTIS Report No. PB 293 2547AS, Report No.

EPA-6019-79-0l0, pp. 45-53, 1977.

Pressure sewers and a case study from Glide, Oreg., are discussed. It

was noted that grinder pumps are more costly than effluent pumps and

quite often the entire installation is more expensive than an effluent

pumping system. A pressure sewer system was chosen over conventional

lb



'iVSt 0ills. 1iM iif I l of ost -ef fort ivori.s:;. Nio iii; it Iolirn f i fornit I l waS.

25 Liig-Te rin ijOpe.t ti on oif WastewijLtI- (Jb5O Ivtj I ol t. 1 t jI ow; s ~k 2,
hj I. Fui Hr e( I I .ASC. Com i ne~d StowerI Separat j i Oi, Ali: 24 , 1968

(ifi 1 v,! 'i' luls t o r .- i(vefi mll t fis o I fioiischfo I 'it Wi~ (t "" i wI ,t IllwS. Two

pI t. 'Le tr: 1 -- I r ) sourc- f- 4 ( di J ii Itv. 'Io IW '4- ill . ( hC1k vaj 1'o

t c o ;. I I I po)i I I hioiis or s L r i jigv ia te r i ;I I . kcst I t ; a ind Iii I o rin t i oil

Si IsII c S ''r'' S\:;ttoii' I 0 rirlelr 11i'uii rvides t .astewator
C I c t toll I d Ii tV 1)v I IIv i r-out Iintri/U iL I Cr1) or. t i o I %atLe I a Id, S t w-

,I e I~~~ kt ,Ii I vy, N . Y. , ) pp 8-01 Nov P6-3 .

1,ho I If p z 'si Ie I,*u :,y;Ltnmi hs s, or ia is i cp)rem ii sos LthatL cartot ti e

VI ,e1It fI tit ti i h i.i t i on o I- st a I i id f ri t i on lioji I s must bte a c-

lit 1 .il'Ittl tI ;ich Iivo III pe r- ppi's si z ig: Iflow I atts enstur ig

ii ~ ~ ~ 1 1) 1. 1) ut t ' s ~l ig flis' 19- Ipi IVI al cii ati d .

ow": iIS Ii Itrs iglwd it brait; ii S(h arie ividoo. Ni'ma r ~ioper-
aIt I i) rig r e iri i i th I iut o I I)S g : rC (ip) I pd r )IoilSS I( iS ewe0 r

s St ,III I t. t forilia, I t opso I roilr t :ors; , 1 1igrit troir her-( I igs aI na rrow

trc I.'I 1, o ligh t1 heo )( h -, w I r~s t I i it( . 0ti 1 V tv () moil .1 .( nieeded

It, I) ppe a nd ma ke t he j o iit s. MIaidrolo 1 s aliid 1 F t Stati ons are II-

IioII.SS1arv. lurst-eil, simple valv bVoxes -ire, providof i sorct iouial i/iiig

Le,. Pces su re Sewe i ev Hi s i Ltod , "' by R. Pal ItI a r re I I , J. Rep r juti

romLt tit, Sop l1) i ssuo ')It Ilhe Jou tin,i I of Ithe New Eug) I ii Wa terv Po I lIti-
t I oil tont t o) I ssoi 1a .1 1 ol.

I t Ii:tr o I doiiiritof t hiit, I thfe I o) I t ior) Sste (Im ( pressure,(

"%,, rI t i I it, . phi- IIV t t ft, i otliio i c Wa s to on gillIit Intg I151) ri it' esi -

(itli 1Ir- IpI til flows it-c ill tile tirdetr lit W) tol 50( gal jIp r (aiita

II ~i g)iI CI ('11)I. 1'I t o the1 typ i Ca'] 100- to 1des~r~ 10 ign f gii re
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realized in both transport and treatment costs as a result of this dra-

matic reduction in volume. Given a situation in which pumping is re-

quired by topography, for example, a low pressure sewer system can usu-

ally be shown to have a lower operating cost (in both dollars and en-

ergy) because the smaller volume handled more than offsets the higher

efficiency of the larger pumping stations. Design recommendations for

pressure sewers currently in use call for a minimum velocity of 2 ft/sec

This is consistent with older standards governing force main design.

Indoor installation of the grinder pump unit is recommended for ease in

maintenance and protection from vandalism and weather. Concrete foot-

ings and anchors are nearly always required for outdoor units.

Mean Time Between Service Calls (MTBSC) for all grinder pump units for

all causes has been estimated at 2.8 years (up to 1978).

Using the present worth method of economic analysis currently required

by the Environmental Protection Agency (EPA), and depending upon the

size of the project, interest rate, and whether or not overhauls are

done onsite or at the factory, the author's calculations indicate an an-

nual cost of between $35 and $60 per pump per year at 1978 prices.

This will pay for power cost, minor repairs, major overhauls at 10-year

intervals, and replacement at 20-year intervals.

28. "Milwaukee Study Area," by American Society of Civil Engineers.
NTIS Report No. PB-186003, 1968.

This reference is part of an overall research study being conducted by

the American Society of Civil Engineers (ASCE) to determine the feasi-

bility of separating combined sewerage by using a system of pressure

conduits to convey sanitary sewage from individual structures to an ex-

isting interceptor. Includes a detailed description of plumbing

changes required to separate sanitary wastes from roof drains, and the

work required to install a grinder-storage-pump unit in each building

18
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a~t S'iii I if- iirIn, i!iI;L I A lol Ai th Hv~.I oi ~ ul i I Pl' oh I XV IIV

Pennls\ lvii "~ h . 'iet, K-h itI I, 1 1. ltis. f!. S . Llnv i rn itlie[IiLa t Prot eC-
t [il A\<cIik v., kepn L N I PA -k.,- I' t-:n -,1 ), I A

A\ S I t cI it " fit, Iuuii i lni I l , 11i. ton elti r ;i piressure

s t' V dlIlIit L . (I If( ill rp 1) cuuvcl ,VeC r s i x-tiiiiit if 1 ie r I i la t a

111t; f I d(1-n ) esi seksi ,ste(if,(-I in idejpia t tIv s t ore pea k

tui If Ii:lid tCi Iifill .1111 pol) \, I st W i L I t111,iiiti S111,1 I d ia In-

ecr' 1)1 st it p )1ipet) f I s tist Jig co)ivtii t I oia I g ra vit IvSewer. DatLa COl-

I I, L titI I i ii, u I iiru epj(viiti iitri d the in isti lat ion, opera-

L I ()if 1m in j Itcilimci ()t th sys-temli; I Ls Lttlii I 11) cal p r , i I e ; 1ir obh-

1011 s t' IICI I I iite r-ecl ; mid t it, uhirii tir st its of Life wastei;itei as del iveredl

t() the :< 1st ilig grivi ty scuscI- Appii ix A 4 the paper iincluodes opera-

t in .ini1 mt i fiitii~ e I -riit~ in aid system(fi s taIrt -npI c - teri a for the

grr idi p ii l A fil Ii L s .

it). i"i ii sif er DI. ln I't,(-r hyv G F . llendii cks and Rx'. 1,
SHismnII. ki~ Lte- jl S,-jig , siks, \ii Jj 12, No. Ii p . 5 3 , 19 7-3.

A decs ignIt . fYil i Ik ,v,11 fr -i it ssiii SuO -,, ,te t ha t pumps septitcJ t anIk

tI I i il t Il Iy s jiese'(iit el h Fi I Lv ,, glonfs pier ctita per dJay (gpcd)

1i 1,iss;iiuiet 'n) g ci I pfut iuiiiseiil I d perl (1.1. Blasedutipoii the dimen-

I mis i)t :i 800-gij I sept. t iiik , i *~-g,,,jI ) I V ii pit'Ier irich of- idepth in

the Link wis utll ilted. Hit teiiiliiie't [.1 1%y JVA I rai t~iig niiit Cali

ti Vl Ip e %it ' 48 gdI it L 150- 1in . ile tIti. 'Il( p ip ig capa Ii t y o f

1 i, uni 111t rizigi f I--Iii i gpin att a It ota ;II iln Iiiu c hIeal ( t ili) o f 42 ps i Ito

MI gpi it I ll ml d i " 1 s I . Art a-siiilt Jol ,as nate tliit the .iver;ige

01119 ~ ~ ~ ~ ~ ~ ~ ~ ) pi seig Irssr (n th i t i Ile~l 80 f t ()t water),

i-i thfe .ivrige piiip i rig k a I I w t ii li" I11 e 101 gpIIIi. A w ,itir ilelnialA

lifivc wa si d, I optd Ilii t if( i lI l' . F ll~ I hi s cu rve IL wais lt~ eI'm I iied

L ,it L iii pea.ik vat c I- itse Ii I (me is woli ii I e I( 15 glim . i k inig 10 glint1

iver-ige 5i glii ( peiki eiji Is 11S prk ent -)t t he ojte r idemiaid . T1hie

I I ttI Iu1t 4 i I~ I.i l I ive .I II i iie I~ Ii entIL ,II s iI taneens c(,t ope f raIt in o 0f thle

c I Ilie I Iiilillp in i 1 s d le 1 1 -lie isc 1i I he p ress 11 It, 5 Vs L em1. I t was



I here tore, del erilline'I to size the, ma ins biasedl upon a flIow of' 70 percenlt

ofI tie water deimanid cuirve.

3 7. ''Pre nic Sewer Syst em Design,'" by [,. J. Flanigarn. Water and Sew-
age Weorks, pp. 2~5-87 , Apr 30, 1979.

A review of the i terature is presented on the methods of proper selec-

t ion o I Va Ilues of[ pa rariete cs a f Ie(t ing the ope'rat ion of a pressure sewer

system ciiirrd gii ide] ines for the selection of pumps ,pn, and other ap-

p)u1rtciia nctcs u t i Ii ized i i t he systLem. Design parameters include scouring

v'lc t, theit des igri flIov; ratLe, and fr ict ionalI res Ist anre (2 7 refIs)

38 . 'Pressure Sewer SVsteni tiariuil andI Engineering Guide,'' Hydr-O-tMati c
Ptimrps , A 1) vi s ion ,I Wyl a in , I nc ., 13 irni nghiram, Ala. 1978.

ThIi s niairt Iiant gii idte i s for use i nthe des ign of pressure sewer systems

emp 1ovinrg ilvdrog cindo grinder puimps. The manil inic]ludes: pressure

Sewer app1 ikat i on, s\'stem concept anid de(sign considerat ions,, system de-

signi proci hires, puimps aiid appuirtenanrces, flowcharts, systemi layouits,

di agrams of cpii tent , suggestecd des ign flow, pujmp se]lect ion, perfor-

malice1" curves ,, and sy:stemu specifLicat iouns.

''Pr9 ss "I1"Sice Sewer Sys tems Ga in New Popuilarcity,'' Water arnd Sewage
Works, plu. 84-87, Febh 1975.

the aIrt i c ei discusse(,s advantages and] disadvantages of pressure sewer

S sterms . System des igri coniis1derat ions , cost comipari son , arid operation

and mainrreruance are also disciisscd . A rmajor advaintage of' a pressure

ewrsyscmu is quick i nstal lation . A major di sadvarntage is that the

np irug uiiiits aire suiblcl to muechianiical I Li Ire. Thre a it hr sees p res -

Si11'' s;I's s a viablev .11 t' rrat ive to convent ionail sewer systems.

40. "Ptressure Sewers,'' by W . C. Blowne . Prepa red for Efnuv i oinriert a
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Resea rch I[IfO1111t i ( ,II ntec', j. S. Flu\,, ronmenta I Protect ion Agency,
C i c inua t i , hi u , ) uI 1979

A thorough d sctissor il of )ressure sewer systenlr basics is presented.

Pipi ing miateri iIs aril ptumpjis in (-t rrent ise a re t di scrssed. Pumps emi-

ployed ace: solid Is h,,jio tg pump (Si), grinder pump (0P), and septic

tank aind eftfluient pump (STEP). A 1 scrission of each pump is presented.

Inforiatioi on iristalliation, dairage prevention, maintenance arid repair,

air- release valves, ttIjws, cleasing veIo1iLy, electrical consider-

ations, lesigi feitire:s, septic tanks, operation and maintenance, And

cost is preseritel. Also, inilormatioi is given on semipositive displace-

ment puIIiS -ild cent-ilirga1 yIars. Lse of existing septic tauks is dis-

cussed (when usirig the sptic tank arid efiluent pressure system). Ease-

lient~l:; , rerjrl J reieiLts lo tie er1 rie c , aid eiivironmental aspects are

InCi uded.

41. "Pressurce Sewers," hy I. G. C;acich. I. S. Enrvirorurnental Protec-

tion AgeIncv, Report No. C.PA-/ka/2-73-077, pp. 65-87, Nov 1973.

The pre-ssucc sewer c,uc ept Ctca Is with a wastewate Collection system

that ut iiz,i s a -ewly devedpud grinider pump nit and small diameter

plastic or metallic piping systems. Results of a 13-month study under-

taken to evalirate the Iunctioia spec ifications of the pumping units and

to gain operatr g experience on th irechaiica I pertormanice, use pattern,

operating cost, a nd inaiiterrance reqr i remeris of said units are reported.

A descript io of the grinder pump unit and the test results are given.

Resn Is inuicaitel that plastic oipes arnd fittings functioned well for

the dti rati ,n of the deors tration project. The report recommends that

pressure sewer systems le ,onsidercd is available engineering technol-

ogy for use where applicable (6 refs), (from WRA)

42. "Pres sre rubirg Field Investigation," by L. S. Tucker. ASCE
Report No. T-5, NTI S PB-186011, 196i.

This teciici'rt menr r.dm covers that port ion of Task 7 concerning
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tin rg ftietd-triiI iris taI Iat i ns. Ta sk 7 rocI-tte s t o sp)ci alI f ieId -t r ialt

insti I II a t i o IIs o f t Iib)i n p an IId o iid(Iti i t 5- for thfe purpose of d e term in in g t he

na t ire ajil ex tentL o t 1)jct i Cal ( dif fi CHIt ies thfa t igh h ,1 e encointLe red' i l

passiing \'a rlois t!!hifig through a builIdinrg sewer, ini suispendinrg or other-

wise attaiching a pressure rondo it in the street sewer, anrd in) making

t inrg-to -coridu it conne1(ct i ciiS. (from BSWF)

4'). ''re ss if . ed A I r S imp I i t-i es Coivev i rg S ewa ge SotI i d s, by C. T.
Ba ictfiajr tI. 1,aLt, c ifid Sewa ge Wo rks , Vuo1 123), No . 11, lip. 78-79, 1976.

A di s( 1uss 1 a of heit CPC lPiumai i ( E jecteor Systtmni is presented . The

('jo t i Syst cm(,ill to h lit i Ii ized Lo piiciit i ca rel coive v grit-, screen-

u fgs 'Iant s I iidge si) tir, ill tota Ilv enclosed pipel i lies,;, in any direc-

tinoi Ac ( S Ip etc di(,:i ri p t ioen wi t Ii -I i grallis onl thow the plicomat i c ejer-

0 rs oj rit1o i s i ncludied.

44. "Pissurized Steer Coil e.iii Svstenis ,' liv J. leckmanr. PB-216 166,
ii inoi s Inst itute for- EiilvicoiiientA Quality, Chirago, Cont ract Report,
Nov 19J72.

Tire grinider pinp/press iiri zit (I 1ct ion s\'stcms have diffet rent rharac-

oer isties than a celiweri tioiuil g raw I IV sewa ge sytm For example, the

was tewateOr is s toret it the honie site ;init t hen di scha rged at a Uni form

rate at seiiie tiiire timnsiot nocessari Iv rot atcit to ronisuiptioels of the

waiter; coistionit Iv. sos-ig. di suhargii is niot :is t irooty re l ated to

wat-er coii,it i (i as it is iii a gravity sewage co!lleot ion system. Also.

he irig i f. rsurizd y: t c'm i nif i Itirit i oili is riot ciicoiintcedi; t he(,re-

t ore , the t ot vo Ituic (I %,Ler tol i veredit to a sewage t reit merit p)laiit

s coiis iti(or I lV less tHe ((ifi rc i a I p r i if(tc r iimil) pt ei go finl i t gener

a I y conls i s t s o(I a gr i rite r , puimp , stii t -o ff wa twoe , cticuik vaj Iwo ,,I toot r i -

a] I0 cit oI s , I iberg t ass or stec houeis inli, anrd iics so rics to m a ke tie

,,li t 0011)1 eteo l oper rb I w ithi ciiltv the elect cit-At piowe'r conirect ionrs iaid

seuir iii t--ij iet ((ililecti ns ieqi rot for t i et i 04 at lit ions. 'l

co:t tfor ttii parckage unit wittn i rista I i;it ioii is heticri S1000 -Init $1)00,

itipeiii i rig )ii It if( irilii t itt Lii r so Iloot i'd arid whet ie(r in i tdoor or oiitdloor



locationi is tised. .onthlv operati oual cost of a ptmp grindlier unit is

minimal and consists primarily of Lie cost of electricity (11 rets).

(f rom WRA)

45. "Pressurized ;ewer Systems: Regilato ry Agency 's Viewpoint," by
David M1. Cochran. Presented at the Water loliUti1on Control Federation
Conference, l)enve r, Colo., Oct 19/4.

Criteria needed to consider alternate te liio!,,gi-:, ni Texas are discussed

in this paper. Tine regulatory a;ecv or :cv wer l,,oks for sound engi-

neering judgment when reviewing 1(-rosa- o sewer sVst ems. For ex-

ample, is tie terraii in a propostAi sewer _.ysteLl arva so rocky or undu-

lat ing that L I e cost of ai gravi Lv :iewe r woo Id be 1) rol hib it ive? In that

case, a pressure sew i'n syst.e Or rothers f;hould be considered. Levels

of approvals for projects are- disct,,sed. n ,ic-nditional approvals are

bestowed upon time-tested metiol: genera I 1v aecepted throughout the

wastewater field. Co:ldit ion.l ajppruvals .a-e tusally reserved for de-

signs that deviate tirom the n,,rimaI pract ice. Tie regulatory agency

looks for somnd e'ngin- o ring julgn ;at ,L (c ,nomic jusLificaLion when re-

viewing designs that devi ate I ron standard criteria.

46. "Pressurized Waste Water Collection," by F. .J. Bowles. Presented
at the Water Pollution C,)rtrol Federation Conference, Atlanta, Ga.,
1972.

This 1q72 paper discusses the history and character of wastewater col-

lect ion. It is stated that the major cost of any waste disposal system

is related, not t-e treatment, but to collection. The paper also dis-

cusses the basics of pressure sewer systems anld some systems that had

been insta ledl in Texas.

4 7. "Protecting Water Supplies Through Sewerless Sanitation," by If. It.
Leich. Ekistics, Vol 43, No. 254, pp. 22-27, 1977.

Con,entional sewage disposal has iro'ated iumerous problems. Ae rob i c

tanks, biological tank.;, composting toilets, incinerating toilets, oil
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I usIed toil ets, itd pressure or vacuum to ilets are descrihed as alter-

nat i yes Lo toniverL i ona I sewer systems . (from BSWF)

48. "Rtlat iorrship of Sewage Charac teri st ics to Carrying Velocity for
Pressurt- Sewers," Ilk N. Floyd Hlobbs. Pk- 185 991 , ASCE Combined Sewer
Separatior Projest, FM1C Corp. Report No. R-2598, Aug 1967.

n iiimm ,i arryving velot ities tor solid phase wastewater in smooth plastic

, 3, 4, 0 lii., etc., pres.siure pipes were measured using comminuted and

outmmii li tte! raw s(-wage . Tht mt11flilImumlI velocity for scouring and the max-

tinm v Iwitv ty tr depositing wure essenti;illy the same. Velocities ap-

po,red to ic indep'lldlnt of : the concentration magnitudes of suspended

s)liils, the saunl ot enrat ion, and the size distribution of suspended

nl.itter dll sail tor the sewage studid. (f rom WRA)

4). "Report on the Ptrtormance of hrinder Pump Model Farrell 210,
Report N(,. C-9-3 , National Sanitationt Foundation Test ing Laboratory,
Ann Arboir, Mich., Sep 1973.

Perollm;nlr(, report of grinder pump includes: basic criteria, charts,

liagrams, evaluation, raw waste characteristics, characteristic curves

(total dynami head,), Lest- data, sp-cifications, and design data. Some

criclusiIris woere: materials were dirable and stricturally sound; com-

poient parts (subject to malfunction or wear) were accessible; and no

St ruc ti rail weaknesses were detected. The Grinder Pump Model Farrell 210

is capable )f performing its design function under expected conditions

o1 appl icat ion.

a0 . "Rura I Wastes: Idlea s Needed," by C. W. Rose . Water and Wastes
I-Agine ring, Vol 9, No. 2, pp. 46-47, 1972.

The ll(ecd for al tI-rnlitive col lect ion arid disposail systems for r-ual areas

is discils;:; I. Pressurized , sinlaI I iialeterl mains, an( sol ils si-ze reduc-

tiil arc seeii as viable solutions toward olitaining a low-cost, dep}end-

aible sys t ior rural waste management. f romu BSWt")
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51. "Selecting Sewerage Systems to Fit Site Conditions and Budget," by
David E. Johnson. National Association of Home Builders, Washington,
D. C., Civil Engineering-ASCE, Vol 48, No. 9, p. 90, Sep 1978.

Several alternative sewer systems have been developed in response to

needs in rural and poor communities. Pressure sewer systems, vacuum

sewer systems, individual home aerobic units, mound systems, and evapo-

transpiration systems are discussed and diagrammed. The need and inci-

dence of sewer moratoriums are examined, and the effects on housing are

described. (from El)

52. "State Park Gets Good Treatment," by F. A. Jay and J. L. Kroesche.
Water and Wastes Engineering, Vol 13, No. 11, pp. 65-66, 71, 1976.

Pressurized collection networks with variable capacity extended-aeration

tanks and an eftluent irrigation system were used to combat problems en-

gendered by topography, soil, and effluent quality limits at Inks Lake

State Park, Tex. Seasonal flow variations of 3,000 to 70,000 gal/day

dictated the use of a flexible extended-aeration plant. The selection

of the design criteria is discussed. (from BSWF)

53. "Status of Pressure Sewer Technology," by James F. Kriessl. U. S.
Environmental Protection Agency, Cincinnati, Ohio. EPA Technology
Transfer Report, Mar 7, 1977.

Pressure sewer systems are a viable alternative technology and should be

considered in any cost-effective analysis of alternative wastewater man-

agement systems in rural communities. Pressure sewers offer many advan-

tages in areas where population density is low, severe rock conditions

exist, high groundwater or unstable soils prevail, or undulating ter-

rain predominates. The most serious impediment to wider pressure sewer

technology adoption is the lack of comprehensive long-term operation and

maintenance data and treatment information. The two types of pressure

sewer system designs, grinder pump systems and septic tank effluent

pumping systems, are detailed (55 ref, 3 diagrams, 13 drawings,
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13graph, I)s Ii ip, 7 t aihles) A siflipi fr ed design example is also included.

f rom NTI S

Vacuum systems

1 . "AlIternativyes f or Small Wast ewater Treatmenit Systems: Pressure
Sewers/Vacuumis Sewers," by J. Kri ess I , I .A. Cooper, and J. W. Rezek.
Ui. S. fnv ironmen ta I Protect ion Agency Technology Transfer Seminar,
Report N. EPA-625/4--i7-01 1. 1),t 1977

The U. S.Vr ni ronmeirl.a I Pit tc t ii Agency Technology Transfer Report in-

I tiles Kr r kg rouid infi mat ion , descrr ipti onis, ease studies , const ruct ion

conls de rat orts, costs , a Ii i nformat in on operation and ma intenance of

pressure, anid vaictiti sewers. Ade sign examnplIe for a vacuum system is

presented in Appendix B. ILowei capital costs anid significantly shorter

cons trotition Limes are i idie rent i n pressutre sewer systems , as compa red

to convertt i ouaI methods. But , p ressulre sewers should only be conside red

WithI propercly ronct-i ved man[aigemnt arra ugcmenit s ( I.o. ma initenance of

gr inider piimip un its).

V~icuun sewer systems offer lower constrtict ion costs, decreased

iiit i trat ron/ink low, reduiced water coinsuimption with use of vacuumi toi-

lets, anti ease of' installation. Bijt, the complexity of vactuiii e(Io iptnt

requi res ttptrat ing prsonnel to he properlIy trained to ma inta in a vacuum

sewer system. Procetdires to to]llow in the event (if a bireakdown in a

vacuum system are also inclIudied iii the report.

2. "Characteristics of Vactim Wastewater Transfer Systems," by E. P.
Skill man. Presented at the Amer ican Society of Mechan iral Eng ineers ,

PubIi cation 76-ENAs -43, New York, N. Y., Apr 1977.

An experimental vacuumn wastewater collection/transport systei was built

and testerd at Naval Air Stat ion,* Point Miigui, Ca] if . The paper describes

he chairacter ist irs of a vacuum sys tent. Thec smal I svs ten tested in-

ciluded a 1000-gal Laink for- shower, Idund'ry , etc. ;three vacuum toilIetts-

three mini-] Irish gravity toilets udischiarging into a 5)-gal gravity in-

ten ire taiik; anti three independent transport mai its 1100 ft long. The
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vacuum transport mains were installed aboveground and considerable cost

savings resulted. The tests carried out indicated that high air to

water ratios produced a measurable drop in transport efficiency.

3. "Cost-Effectiveness of On-Site and Community Sewerage Alternatives,"
by J. J. Troyan et at. Civil Engineering, Vol 47, No. 12, pp. 84-89,
1977.

Outlines a procedure for assessing the cost-effectiveness of wastewater

treatment alternatives. Advantages, disadvantages, limitations, and

cost factors for evaluating conventional gravity sewers, small diameter

gravity sewers, pressure sewers, and vacuum sewers are described. (from

BSWF)

4. "Demonstrating the Feasibility of Vacuum and Pressure Sewers," by
L. K. Clark and J. E. Eblen. Public Works, Vol 108, No. 4, pp. 81-84,

Apr 1977.

Vacuum and pressure systems were utilized in a collection system con-

strutted in Bend, Oreg. Specific information about the pumps used and

the type and amount of excavation is presented. Depth of burial for

pressure and vacuum systems is governed only by frost depth or surface

loading conditions. The author gives a cost of the vacuum system as

$9.75/ft. This figure is nearly twice the $5/lin ft for pressure

sewers. The author mentions that "relays to signal the operation of

the individual vacuum release valves have not performed satisfactorily

to (late and must be changed." Also, the draining of the condensate

from the vacuum pumps had taken more operator time than any other item,

about half an hour daily, but changes were being effected. Operator

time was largely devoted to adjusting the sensor system for the vacuum

valve operation and getting the signal system to report events to the

vacuum station. The author offers no operation and maintenance informa-

tion on pressure sewers.

5. "Envir-O-Pak: Water and Wastewater Equipment, Sales and Design
Manual," Willow Grove, Pa.
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Includes figures, charts, drawings, and specifications. Recycle and

vacuum collection systems, pressure sewer systems, etc., are discussed.

Innovative alternative systems are stressed. Basic wastewater data

supp I ied.

6. "Matthews, Virginia (O&M Costs)," Case Studies, AIRVAC, Rochester,
Ind.

A vacuum sewer system was installed in Matthews, Va., in 1975. The

groundwater table is high in Matthews. During construction of the sys-

tem, controllers and sensors were inadvertently flooded. All valve pits

had to be modified to breathe above the maximum anticipated flood level

to eliminate this problem. On one occasion a solenoid valve malfunc-

tioned and the sewage was drawn by one vacuum station a length of 6250

ft. Bids for a conventional gravity system and vacuum system were

$650,000 and $350,000, respectively. During 1975, 1976, and 1977, data

were collected on the cost of power for the vacuum stations. Vacuum

station power costs ranged from $38.60/month to $178.20/month. Vacuum

station power costs per day ranged from $1.15 to $3.08. No maintenance

costs were supplied. No infiltration occurs with vacuum systems, and

Matthews averaged a flow of 30,000 gal/day. The author states that one

full-time employee can handle the entire system.

7. "Pressure and Vacuum Sewer Demonstration Project - Bend, Oregon,"
by Jessie E.. Eblen mnd Lloyd K. Clark. U. S. Environmental Protection

Agency, Report No. EPA-600/2-78-166, Sep 1978.

A pressure sewer system collecting domestic septic tank effluent and a

vacuum system collecting raw domestic sewage were constructed in the

city of Berid, Oreg. The systems were operated and monitored for one

year. Informat ion presented for the project includes: cnstruction

cost s, comparisolm costs, operation and maintenance, wastewater volumes,

water use, energy consumption, and chemical characteristics. Table 19

of the study shows resi Its of gravity, pressure, and vacuum sewer

systems.
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8. "Protecting Water Supplies Through Sewerless Sanitation," by H!. H.
Leich . Ekistics, Vol 43, No. 254, pp. 22-27, 1977.

Conventional sewage disposal has created numerous problems. Aerobic

tanks, biological tanks, composting toilets, incinerating toilets, oil

flushed toilets, and pressure or vacuum toilets are described as alter-

natives to conventional sewer systems. (from BSWF)

9. "Selecting Sewerage Systems to Fit Site Conditions and Budget," by
David E. Johnson. National Association of Hlome Builders, Washington,
D. C., Civil Engineering-ASCE, Vol 48, No. 9, p. 90, Sep 1978.

Several alternative sewer systems have been developed in response to

needs in rural and poor communities. Pressure sewer systems, vacuum

sewer systems, individual home aerobic units, mound systems, and evapo-

transpiration systems are discussed and diagrammed. The need and inci-

dence of sewer moratoriums are examined, and the effects on housing are

described. (from El)

10. "System for Transporting Wastewater by Vacuum," by M. A. Boogay and
V. I. Crawford. NTIS Report No. AD-D004 3771 8ST, 1977.

An apparatus is provided for re-forming wastewater slugs in a vacuum

transport disposal system. The apparatus comprises a container inter-

posed into the wastewater transport tube of the disposal system and hav-

ing a single inlet and two outlets. (from BSWF)

11. "System Study, Vacuum Sewage Collection," Hittman Associates,

Inc., Columbia, Md., NTIS Report No. AD-744 339, Final Report No.
HIT-510, Dec 1971.

Gravity sewer systems and vacuum sewer systems for use in Navy advance

bases were compared for effectiveness and cost. A vacuum system using

low flush water toilets and vacuum transport of the combined wastes was

selected for evaluation. The effectiveness of both gravity and vacuum

sewer systems was evaluated on the basis of (a) system reliability,

I2
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(b) operational requirements, (c) maintenance requirements, (d) instal-

lation requirements, (e) ease of repair, (f) terrain conditions, (g)

susceptibility to attack, (h) size and weight, and (i) space require-

ments. Cost estimates were also prepared for both systems. It was con-

cluded that vacuum sewer systems offered improved design flexibility

under adverse site and construction conditions. (from WRA)

,2. "Vacuum Sewer Systems and Their Possible Canadian Applications,"
by D. W. Averill and G. W. Heinke. Canadian Journal of Civil Engineer-

ing, Vol 1, No. 1, pp. 50-61, Sep 1974.

The basic principles of vacuum sewer systems are reviewed and their in-

troduction to Canada is described. A vacuum sewer uses air pressure

instead of gravity as the driving force for wastewater transport.

Wastewater is moved in plugs separated by air gaps at high velocities

through small diameter pipes. The pressure differential of about one-

half atmosphere is created by a central vacuum pump. Specially de-

signed vacuum toilets, valves, and a central collection tank complete

the system. Discussed are vacuum transport theory and design practices,

including flow theory and friction loss by a homogeneous model. The

advantages of a vacuum sewer system over a conventional gravity system

are its ability to transport wastewater horizontally and to a certain

extent upgrade, its much lower water usage, and its lower capital cost.

However, the length capacity and lift potential of vacuum sewers are

limited by the available pressure differential, which precludes their

use in many cases. There appears to be considerable potential for

their application in Canada, particularly in remote locations such as

cottage areas and in the Arctic. (from WRA)

13. "Vacuum Sewage Transport and Collection," by G. P. Janicek and M.
E. Simpson. Pollution Engineering, Vol 5, No. 9, pp. 76-79, 1973.

The physical and economic requirements of vacuum sewage col lectioen sys-

tems and some of their component design details are discussed. Con-

struction, maintenance, operation costs, and personnel requirements of
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pressure/vacumn systems are compared to traditional sewer systems.

(from BSWF)

14. "Vacuum Sewerage System Design Manual," by AIRVAC. Rochester, Ind.,
1978. Also Design Drawings.

Included in the Vacuum Sewage System Design Manual: (1) general de-

scription and history of vacuum sewage; (2) general features of the

AIRVAC System; (3) technical design data with design example; (4) appli-

cations to marinas; (5) cost-effective applications; (6) system opera-

tion and maintenance; (7) friction loss charts for PVC charts; (8) in-

stallation; (9) training; (10) equipment specifications and services

available; (11) AIRVAC demonstration facility and valve warranty; and

(12) figures, diagrams, and charts.

Lift stations

1. "Analysis of Economic Sewage Lift Station Design," by 0. Smolik.
Water and Sewage Works, Ref. Issue, pp. 58-62, Apr 1977.

A procedure for the economical design of a sewage lift station was pre-

sented. The objective was to determine a standard type or size of sta-

tion and a standard control for specific magnitudes of inflow. Design

probiems included wet well size and the capacity and number of pumps for

a given sewage inflow. Equations were included which could aid the de-

termination of relationships between well size, pump efficiency, and

sewage inflow. Other equations were designed to specify inflow at a

station with no flowmeter. Use of these steps was expected to reduce

costs at the design stage and to increase efficiency of the system.

(from WRA)

2. "Considerations for Electrical Design in Sewage Lift Stations," by
L. M. Applegate. Public Works, Vol 107, No. 12, pp. 59-60, Dec 1976.

The article discusses sewage lift stations built by Oroville (California)

Sewage Commission. These stations utilize variable frequency drive

pumps to solve the problem of on-off operation of pumps.
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3. "Design Proposals for Submersible Sewage Lift Stations," by H. G.
Kelly. Water and Sewage Works, Ref. Issue, pp. 76-90, Apr 1977.

Designs are presented for submersible sewage lift stations. Design fac-

tors considered were construction materials, sizing, pump types, power

and controls, hydraulic conditions, operation and maintenance needs, and

costs. Practical design can be achieved for flows less than 1500 gpm.

Centrifugal pumps are generally used, but progressive cavity pumps and

pneumatic ejectors have been used in low flow-high head applications.

Concrete, fiberglass, or a protected metal are the usual construction

materials, depending upon specific site, design, and construction con-

siderations. A friction loss equation should be derived before the se-

lection of system components, and the system head curve should reflect

its optimum solution. System hardware should be selected for ease of

installation, operation, maintenance, cleaning, and repair. Numerous

figures and graphs are included. Costs for grinder pumps and lift sta-

tions arc presented. Operation and maintenance costs in 1975 dollars

are also included (18 refs). (from WRA)

4. "Lift Station Designed to Use Old and New Concepts," by R. E.
Wallace. Public Works, pp. 88-90, Sep 1974.

The author discusses lift station design and maintenance. Desirable

features of lift stations are reliability and ease of installation. The

author states that (luring most of the last decade lift station repairs

consisted of refurbishing the old vertical mounted flexible shaft pump

and motor stations to new design capacities and installing new small

stations with close-coupled pumps and motors in outlying areas. The

most satisfactory station for installation in outlying areas has been

the factory-built, underground dry pit station using close-coupled

pumps and motors with positive suction head. For flows less than 100

gpm, pneumatic ejectors have given good service. The factory-built and

factory-tested stations seem to eliminate at least 75 percent of the

construction problems that, when improperly solved, become operational

probIlems . With small factory-built stations, 50 to 500 gpm, and the
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ava I lab I i ty of replacement parts, L ie author has not been overly con-

cerned with stat ion flooding due to an internal break.

5. "Operating Smal I Water and Sewer Systems," by Warren Hi. Milliard.
W'ater and Sewage Works, pp. 60-63, Feb 1975.

The authors stress the importance of routine maintenance, checklists,

and record keeping. A checklist for lift stations is included, along

with the recommendation that lift stations be inspected every other day.

Emergency plans should be provided in the event of equipment or system

fai lure.

6. "Submersible Lift Stations Cut Pump Maintenance Costs," Water and
Sewage Works, Vol 122, No. 8, pp. 64-65, Aug 1975.

Problems with shaft-driven pumps and pneumatic ejector type pumps in

Foster City, Cal if., led to replacement with submersible type lift sta-

tions. Saltwater, dampness, and sand caused failures of the shaft-

driven and pneumatic ejector pumps. Twenty-four of the lift stations

have been equipped with submersible pumps (out of 34). Total expendi-

tures for Foster City for parts during 1971-1975 totalled only $933.

All personnel involved with the lift stations have attended technical

clinics and are able to dismantle and reassemble submersible pumps pro-

ficiently. As part of a semiannual inspection-maintenance program,

pumps are washed, then sandblasted to bare metal. After inspection and

repair, exterior surfaces are coated with bitumastic epoxy to protect

metal surfaces against corrosive wastewater. A 125-kw, trailer-mounted

generator unit (capable of operating any lift station in the system) is

available to handle power failure problems in an emergency. If many

stations are involved in a power failure, the emergency generator is

moved from station to station (starLing with the largest) until power

has been restored.

Genera l

1. "Better Water Resources Through Sewerless Sanitation," by H. H.
Leich. Water Resources Bulletin, Vol 13, No. 2, pp. 401-407, 1977.
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General discussion of alternative, onsite waste disposal systems now

available or under development. Aerobic treatment units, recycling,

composting, incinerating, and closed-loop toilets, as well as pressure

systems, are briefly decribed. (from BSWF)

2. "Collection Systems," Public Works Manual and Catalog File, Public
Works Journal Corp., Ridgewood, N. J., pp. D.2-D.8, 1977.

The article discusses the piping system used to transport wastewater.

Manufacturer's specifications, testing, installation, and lining mate-

rials are presented for various pipes. Pumps, gates, valves, lift sta-

tions, etc., are also discussed. Types of thermoplastic pipe employed

for sewer systems are PVC (polyvinyl chloride), ABS (acrylonitrile

butadiene-styrene), PE (polyethylene), and SR (styrene rubber). Manu-

facturers are listed in Section C-5.5 of the paper.

3. "Cost to the Consumer for Collection and Treatment of Wastewater,"
by Robert Smith and Richard G. Eilers. Project No. 17090, Jul 1970.
Available from the Superintendent of Documents, U. S. Government
Printing Oftice, Washington, D. C. 20402. EPA Report No. 17090-07/70,
1970.

'lhis 1970 U. S. Environmental Protection Agency report presents national

averages per capita cost for collection and treatment of municipal

wastewater. The status of collection and treatment in the United States

is discussed and estimates are made of needed additional expenditures.

Cost relationships for construction and operating and maintenance are

presented. Sewer maintenance cost data are also presented. Of the

cities surveyed, an average value for operation and maintenance of sew-

ers for the years 1967-1968 was 30.84/ft.

4. "Cost-Effectiveness of Alternative Sewage Collection Treatment and
Disposal Systems at Recreational Areas," by Mesbah V. Ahmed, Arun G.
Walvekar, and Kenneth B. Young. Published by Institute of Electrical and
Electronic Engineers (Cat n 78Ctt1415-9), New York, N.Y., Vol 2, pp. 439-
449, 1978.
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This la,.per ,-v I ,ps a model that sel,(ts the least cost ly combination

of coIl ect i on, treatment , and disposal of wastewater at recreational

areas (a systems approach).

5. "Cost-L teCt iveiess of 01n-S i te and ConmuniLy Sewerage Alternatives,"
by J. J. Troyan et al. Civi L Engineering, Vol 47, No. 12, pp. 84-89,
1977

Outlines a procedure for assessing the cost-effectiveness of wastewater

treatment alternatives. Advantages, disadvantages, limitations, and

cost factors for evaluating conventional gravity sewers, small diameter

gravity sewers, pressure sewers, and vacuum sewers are described. (from

BSWF)

6. "CosL-Minided Community Chooses Small Diameter Gravity System," by
Robert T. Fey arid Carl C. Crane. Water and Sewage Works, pp. 58-61,
Jun 1978.

The town of Westhoro, Wisc., installed a small diameter gravity system

in their community in 1977. The system contained individual septic

tanks. All of the liquid effluent from the tanks was conveyed via

small diameter (1-1/2- to 3-in.) PVC pipes to an absorption field. The

PVC pipe was ensured a tight fit by the use of 0-rings and a solvent

joint. During hcavy rains in September 177 no fluctuation in normal

flow was observed. Immediately before the absorption field siphoning

chambers are used, they are allowed to fill with effluent. Discharge

takes place when approximately 9500 gal is present. Dur ing the winter,

the absorption field can be drained to prevent freezing. The author

reports that the system is operating tip to their expectations.

7. "Evaluation of WasLewater Treatment Alternatives for Small Communi-
ties," National Utility Contractors Association, 815 15th Street, N.W.,
#838, Washington, D.C., 1979.

Process descriptions, advantages, disadvantages, restrictions on the

process, performance, reliability, and cost analyses for each system
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are discussed in detail. Conventional gravity sewer systems, when fol-

lowed by wastewater treatment ponds or package plants, were found to be

cost-effective over the onsite alternatives applicable to small communi-

ties. Capital costs for the systems were similar, but operation and

maintenance costs were much higher for alternative systems. (from BSWF)

8. "Insuring Trouble-Free Pump Operation," by Arnold LaFarge. Water and
Sewage Works, p. 603, May 1978.

Trouble-free pump operation combines proper design, correct application,

correct handling of equipment on the job site prior to installation,

installation as specified, and maintenance according to manufacturer's

directions. A pump should be situated on a firm foundation. A pump

which has been "flooded out" must be dismantled, the bearings cleaned,

and inspected and repacked with grease. A gate valve installed after a

check valve can be used to isolate a pump for maintenance, priming,

starting, and stopping. Keep a maintenance record. Allow for downtime

of the pump. The author includes figures and discussions of setting

pumps ip, alignments, pump design., and piping joints.

9. "Least Cost Method for Sewer Design," by Stephen Walsh and Linfield C.
Brown. Journal of the Environmental Engineering Division, pp. 333-345.
Jun 1973.

The paper presents a computerized method of sewer design. Algorithms

and subroutines used are discussed. An example is given.

10. "Onsite Systems: Farmers Home Administration," by C. W. Rose. In-
dividual Onsite Wastewater Systems, Proceedings of the Fourth National
Conlerence, National Sanitation Foundation, pp. 21-26, 1977.

D escribes the Farmers Home Administration's involvement in planning

waste tre.atmetnt systems through financial aid to farmers, rural fami-

lies, anid (ommunities. Also presents a view of the current status of

(nsite trui tment, regional planning concepts, pressure sewer systems,
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and Ten St ate Standards, as they relate to Fi riwers Home Administration.

(from BSWF)

11 . "Operating Smal ,'ater and Sewer Systenils," by Warren H. Milliard.

Water and Seage Works, pp. 00-63, I-ot, 1975.

The authors stress the impoit ance of routinte Maintenance, checklists,

and record keeping. A chucklizt lor ltt stations is included, along

with the recommendation that lift stations he inspected every other

day. Emergency plans should he prOVided in the event of equipment or

system failure.

12. "Protecting Wate Supplie.s Through Sewerless Sanitation," by H. H.
Leich. Ekistics, Vol /43, No. 254, pp. 22-27, 1977.

Conventional sewage disposal has created numerous problems. Aerobic

tanks, biological tanks, composting toilets, incinerating toilets, oil

flushed toilets, and pressure or vacuum toilets are described as alter-

natives to conventional sewer systems. (from BSWF)

13. "A Study of Highway Rest Area Wastewater Disposal," Public Works,
pp. 7(-74, Dec 1972.

Problems, design criteria, and recommendations for handling wastewater

flows from rest areas in Washington State are presented. Peak flows are

developed fCom traffic data and water use data. Washington State has

experienced trouble with septic tank systems, such as: (1) inadequate

septic tank capacity for loads experienced; (2) drain field failures due

to poor soil porosity, heavy equipment passing over, high groundwater

table; (3) sticking flushometer valves due to sand grains that may

cause the septic tank to drain into the absorption field and clog it;

(4) pump motor failures; (5) clogging of septic tank with paper; (6)

vandalism, etc. Recycled toilet systems are recommended in certain

areas of Washington State.
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14. 11 . S. FTA Re spo ns e t o P1, 9 2- 5001 Re a ti it g t o R itira I Wa st e Wa te r
P'r oht1ems 1'' y J . F'. Kr ie s s I Individual Otisite Wastewater Systems, Pro-
c'ieedinrgs of the Thirid NatLionalt Con fe rence , Nati onalI San itat ion Fo0UIda I-
L ion, pp. 21-36, 1976.

P'resents the response of U. S. Environmtiental Protectiont Agency Office

of Reseairch and Development to the mandates of Sections 104 and ]05 of

PI, 92-500. Topics include advanced col lection techtrology, onsite alter-

natLive sylstems, septic tank sltudge hatndlinrg, anid cost estimates of" on-

site alternatives. (from BSWF)

15. "Wastewatec Collection," l)v Samar Chatterjee et al. Sewer System
Evaliuations, Chicago, Water Po1lution Control Federation Journal,
Vol 50, No. 6, 1p. 1139, Jun 1978.

Wastewater ('01lection literature is reviewed. Wastewater project plan-

nigis surveyed. System construction, sewersse vlain an

tenance, rehabilitation, overflow prevention, andi wastewater pumping

are corisiderel (111I ref) . (from El'

16. "Wastewater Cotltection System Criteria, Pact If,"' by Michael G.
floove r. Water anti Sewage Works, pp. 70-72, Apr 1975.

Hlydraul1irs, coust rtict ion, and system economics of wast ewater collect ion

syst emrs are di srttssed . Accurate flow estimates must be obta inted in

order to ties ign the collect-ion system arid t reatmierit plant .r onorr1i i c

aria] ys i s cali be performed wi th conf idence on accurate t low measuirerrenits,

Ad d i t i orta I anm iunt s o f moite y s p enit i i i it j aIlI y t o r e duic e e xt r an11e ouIs [lIow s

(co11ld produce sayvinrgs i r ttte long ctnn . An example i s incud itedl. Mate -

rialIs (such as concrete and ducti le iron pipe) arnd their hiand Iinrg inr

the field are also discussed.

visystenms

1. '"Better Water Resources Thrrough Sewerless Sani tat ion,'' by Hi. If.
ILe i rh . Water Resources Bl let in, Vol 13, No. 2, pp. 401-407, 1977.

GenetralI di scurssioni of* at ternat iye, *Onsi te waste ti iSposal Stemflnow
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a va i I able or inmler deve I opment . Aerobic treatment units, recycling,

composting, incinerating, and closed-loop toilets, as well as pressure

systems, are briefly decribed. (from BSWF)

2. "Env i r-O-Pak: Water and Wastewater Equipment, Sales and Design
Manua I , " Willow Grove, Pa.

Inclides figures, charts, drawings, and specifications. Recycle and

vacuum collectioli systems, pressure sewer systems, etc., are discussed.

Innovative alternative systems are stressed. Basic wastewater data

suppl ied.

3. "A Recvwled-Water Sanitary Waste Disposal System," by W. J. Shoupp.
PB-291 740. Ph.D. lissertation. West Virginia University, Morgantown,
1978.

A closed, recycled water-sanitary waste disposal system for laboratory

study was developed. The system was base(] on a 1000-litre capacity,

water-filled biodlegradation tank. Data response curves were created

during the long-term (about 130 days) experimental runs. (from WRA)

4. "Water Reuse at Highway Rest Areas: Evaluation Phase," by C. E.
Parker, Virginia Highway and Transportation Research Council, Report
No. VItTRC 78-R22, PB-278 542, Dec 1977.

A system for recycling water used to flush water closets at a highway

rest area on 1-81 at Fairfield, Va., is evaluated. The method produces

water of acceptable standards with no objectional odor or color, no

foaming or apparent suspended solids, and low bacterial count. Prelim-

inary bench-scale research indicated that extended aeration biological

treatment followed by granular media filtration would be acceptable.

This led to installation of a full-scale field system at an existing

rest area. A closed-loop system was set up to and from water closets,

with water balance achieved by wasting an amount of recycled water

equal to the water input from sewered potable water. Recycling was

estimated at 95 percent. Operation of the closed-loop extended
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aerat i i0i and granular fi Iter system was s imil Iar to coivent ional opera-

tion of these processes. The influence of nitrogen accounted for the

most significant operating difference. Ammonia nitrogen transformation

to nitrite and nitrate nitrogen resulted in an operating p11 of 5.5 to

6.0 and, as a result, incomplete nitrification occurred. Although ni-

trogen buildup in the form of ammonia, nitrite, and nitrate did occur,

the concentrations did not cause a reduction in organic biological oxi-

dation efficiency. Quality of the water varied between winter and sum-

mer operation, but remained acceptable as a flush fluid. (from WRA)

S. "Waterless Sanitation for Rest Areas," by R. W. Fullerton, Chrysler

Corp. Water awd Sewage Works, Vol 121, No. 6, pp. 86-88, Jun 1974.

A waterlss sanitation system is described. This closed-loop no-

lischarge nonbiological sewage disposal system uses mineral oil instead

of w.iter as the flush fluid to transport human waste. The flushing

luid arries waste from conventional commodes to a separation tank

where the sewage is separated by gravity. The fluid is filtered, puri-

tie ,, and reusvid indef±initely. Disposal is by burning in a pollution-

fre, irncirirator. Ash shou]d be removed from the incinerator weekly.
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